The Huntingfi eld area has a varied vegetation, including substantial areas of Eucalyptus amygdalina heathy woodland, heath, buttongrass moorland and E. am yg dalina shrubby forest, with smaller areas of wetland, grassland and E. ovata shrubby forest. Six fl oristic communities are described for the area. Two hundred and one native vascular plant taxa, 26 moss species and ten liverworts are known from the area, which is particularly rich in orchids, two of which are rare in Tasmania. Four other plant species are known to be rare and/or unreserved in Tasmania. Sixty-four exotic plant species have been observed in the area, most of which do not threaten the native biodiversity. However, a group of fire-adapted shrubs are potentially serious invaders. Management problems in the area include the maintenance of open areas, weed invasion, pathogen invasion, introduced animals, fire, mechanised recreation, drainage from houses and roads, rubbish dumping and the gathering of firewood, sand and plants. Key Words: flora, forest, heath, Huntingfield, management, Tasmania, vegetation, wetland, woodland.
INTRODUCTION
The Huntingfield Estate, approximately 400 ha of forest, woodland, heath and pasture to the west ofBlackmans Bay, south of Hobart, Tasmania, was purchased by government for housing development. In 1997, most of the remaining natural vegetation in the H untingfield Estate was proclaimed as the Peter Murrell Nature Reserve and Conservation Area.
Parts of this area have been subject to previous botanical surveys. Kirkpatrick 1977 sampled the heaths of the area and recommended that they be reserved as the only extensive example of the vegetation type near Hobart. Botanical surveys, concentrating on the Coffee Creek area, have been produced by Pyrke (1990) and . Ziegeler ( 1994) mapped the distribution of the threatened orchid, Prasophyllum concinnum, in Huntingfi eld.
The present paper documents the vegetation and the vascular and b ry ophytic fl ora of the area, and discusses vegetation management issues in a conservation context.
METHODS
A rough vegetation map of the estate was drawn up, using a corrected black and white aerial photograph mosiac. Approx imately ten sampling locations were placed in each of fi ve mapping units, using a table of random numbers. An extra two sampling sites were located subjectively within a small area of native grassland that was not recognised in the initial mapping. In addition, vascular plant species lists were made for the zones within the small, natural enclosed wetland on the estate.
At each sampling site a 10 x 10 m quadrat was laid out. All identifiable vascular plant taxa within this space were noted. The cross-sectional area of trees at 1.3 m (basal area) was measured using the Bitterlich variable radius technique (Mueller-Dombois & Ellenberg 1974) . The height of the shrub stratum was measured using a tape. The cover of the shrub stratum was estimated using the following classes: <1%, 1-5%, 5-25%, 25-50%, 50-75%, 75-100%. The species with the most cover in the shrub stratum (dominant species) was noted. If another species had more than half the cover of the dominant one it was noted as a codominant. Altitude, slope ( using a clinometer) and aspect (direction of slope, using a compass) were also noted for each quadrat.
While traversing the area from sample location to sample location and at other times, notes were made of the locations and extent of exotic species infestations and of the vegetation type. These observations and coloured aerial photographs (Hobart Area 11.3.95, run 4, 1234-101 and 1234-103) were used to refine the vegetation map and to produce a map of exotic plant infestations. Vegetation mapping seeks to draw boundaries around areas of relative uniformity in colour and texture on aerial photographs, or other image ry , then identify the vegetation characteristics that make each unit different. It does not necessarily result in units that fully correspond with the distributions of fl oristic groups, because the dominant species in the tree and ground layers do not necessarily control the overall fl oristic composition (Kirkpatrick & Dickinson 1986 ).
An initial sorted table of the species by site data was produced using a computer program, TWINSPAN (Hill 1979) . This table was then sorted further to better reveal groups of quadrats with similar species composition and groups of species with similar quadrat distributions. The groups of quadrats are the fl oristic communities, which can be identified .through the presence and absence of groups of species. These are not necessarily congruent with mapping units.
RESULTS

The Flora
Two hundred and one native vascular plant taxa have been recorded from the Huntingfield Estate in this and previous studies (appendix 1). Eleven (5. 5%) of these taxa are endemic to Tasmania. The outstanding family in terms of numbers of native species is the Orchidaceae, with 35 species in the area, including two Tasmanian endemics, Prasophyllum concinnum and Caladenia atrata. Twenty-six native moss species and ten native liverwort species have also been observed in the area by Tony Moscal (appendix 1). One of the moss species, Archidium.stellatum, has not been previously known from Tasmania. However, its identification awaits confirmation.
Sixty-four exotic vascular plant taxa have been observed in the estate (appendix 1). Grasses (Poaceae) and daisies (Asteraceae) constitute a large proportion of these taxa.
The Plant Communities
Six floristically distinct communities were recognised from the sorted table (table 1) . The distributions ofthe communities are shown in figure 1. The descriptions below indicate all species occurring in more than 600/0 of the quadrats in a particular group, grouped by lifeform. The term graminoid covers sedges, rushes, orchids, lilies and irids. The name of a floristic group includes the combination of species that best differentiate the group from others and the most common structural!dominance vegetation type. Similar vegetation types recognised in the literature are indicated. (Kirkpatrick 1977) This community is defined by the presence of species groups A and B and the absence of species groups C, F-H and J-N (table 1). It occurs in well-drained places where a fine-textured soil horizon is close to or at the surface. It lacks a dense shrub stratum and is relatively rich in grasses and herbs, possibly a reflection of a higher nutrient status of its soils than adjacent communities on deep sands.
Acacia genistifolia is the most common dominant species.
However; some quadrats in this groups are dominated by Stipamollis, which is particularly striking during its flowering season. Trees, where they occur, are very sparse. (Kirkpatrick 1977) This community is defined by the presence of species in groups D-J and the ahsenceof species in groups A-C and K-N. There are no species that are both largely confined to this community and present in most of its quadrats. The community consists mostly ofheath, marginal to sedgeland. It occurs on more poorly-drained sites than the heaths in group 1. Trees, where present, are usually sparse. ONE KILOMETRE et al. 1988) This community is defined by the presence of species in groups D-L and the absence of species in the other groups ( (Duncan & Brown 1985) This community is defined by the presence of species in groups H, I, Land M and the absence of species in other groups (table 1). Acacia melanoxylon and O. ellipticum are both abundant in this group and largely absent from others.
FIG. 1 -The distribution of quadrats in the six floristic communities (4) Melaleuca squarrosa-Gymnoschoenus sphaerocephalus-
E. amygdalina and, to a lesser extent, E. obliqua, E. viminalis and E. ovata form a tall tree layer, below which there is a sparser short tree layer dominated by Acacia melanoxylon.
The ground stratum is a depauperate heath. The community occurs on usually well-drained sites on deep, infertile sand in situations where moisture is augmented by downslope flow. (Duncan & Brown 1985) This community is defined by the presence of species in groups I, and L-N and the absence of species in other groups (table 1). E. viminalis and Senecio spp. best define the group. E. viminalis, E amygdalina and E. ovata dominate the tree canopy in various combinations. There is a sparse taller shrub layer with the ground layer being dominated by a mixture of shrubs, graminoids, herbs and grasses. This community occurs along the Coffee Creek Valley, and is often badly invaded by exotic species.
(6) Eucalyptus viminalis-E. amygdalina-Senecio
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Vegetation Types The mapped vegetation types are described below. Their distributions are shown in figure 2.
(1) Eucalyptus amygdalina-E. viminalis-E. obliqua shrubby forest This unit includes most of floristic communities 5 and 6, with the exception of areas dominated by E. ovata. Its characteristics and environment are described under these floristic communities. In general, it best fits shrubby E. amygdalina forest (Duncan & Brown 1985) among previously described communities. Small areas within this mapping unit belong to E. viminalis-Bedfordia salicinaPultenaea juniperina wet sclerophyll forest and E. obliquaOlearia lirata-P. juniperinawet sclerophyll forest (Kirkpatrick et al. 1988) . These wet sclerophyll forest areas were insufficiently extensive to have a good chance of being selected in the random choice of quadrats, and what chance they had failed to be realised. Melaleuca squarrosa is prominent in the understorey. Herbs and grasses occur in the ground layer, which has much bare ground. The!llost similar recognised community is the grassy E. ovatawoodland of Duncan & Brown (1985 Acacia myrtifolia
Gonocarpus tetragynus 
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Melaleuca 1- Kirkpatrick, J.B. et al. (1995) .
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t Note that 150/0 of the original area in secure reserves is used as the criterion for well reserved for mappable communities, whereas substantial areas in two or more viable, secure reserves are required for the well-reserved appellation for described plant communities.
:/: WR = well-reserved, PR poorly-reserved, UR = unreserved, NS = no information available.
(3) Eucalyptus amygdalina heathy coastal forest/woodland
This is the most widespread vegetation type at Huntingfield. The mapping unit corresponds largelywith floristic group 2.
E. amygdalina dominates the tree stratum, which can be either of forest or woodland density. The eucalypts can be single-stemmed or multistemmed, depending on past disturbance. The ground stratum is a dense heath with a substantial admixture of bracken. Heathy E. amygdalina coastal forest (Duncan & Brown 1985) is the equivalent Statewide community.
(4) Eucalyptus amygdalina heathy forest on sandstone This vegetation type is closely similar structurally and floristically to E. .amygdalina heathy forest/woodland. However, rocks are generally frequent among the heath understorey, which tends to be sparser than that of community 3. E. tenuiramis and its hybrids with E. amygdalina occur as a subdominant in parts ofthis mapping unit. Heathy E. amygdalina forest on sandstone (Duncan & Brown 1985) is the equivalent Statewide community. 
CONSERVATION STATUS OF PLANT COMMUNITIES AND SPECIES
Nine communities that are mappable on a statewide basis were located in the Huntingfield Estate (table 2) . Of these communities only heath and buttongrass moorland were reserved at a level considered to be satisfactory (more than 150/0 of pre-European occurrence) in 1995 (Kirkpatrick et al1995) . The remaining communities were poorly-reserved. Two of these, lowland tussock grassland and Eucalyptus ovata forest, have had most of their original area destroyed by land clearance and cultivation. These two communities occupy only a small proportion of the estate ( fig. 2) . Of the described but non-mappable communities (those based on floristic combinations and combinations of understorey and overstorey dominance), fourteen were recognised from the estate (table 2) . Stipa mollis-Danthonia tussock grassland (a previously undescribed community) and shrubby Eucalyptus ovata woodland/forest were not known from any secure reserve in the State in 1995. Heathy E. tenuiramis forest was poorly reserved, only being known from the Coal River Gorge Nature Reserve. E. viminalisBedfordia salicina-Pultenaeajuniperina wet sclerophyll forest was also poorly reserved. The remaining communities were considered well reserved, in that they occur in viable areas in two or more secure reserves.
The recent land-use decisions made as a result of the Regional Forest Agreement Process, including the establishment of the Peter Murrell Nature Reserve within the study area, have resulted in a more secure conservation status for all the unreserved and poorly reserved communities indicated above. The Peter Murrell Nature Reserve contains areas of all these communities, and other secure reserves promised, or possible, under the agreement might further improve their reservation status.
Several species of conservation significance occur within the estate. Prasophyllum concinnum is an orchid which, at one time, was thought to be extinct, but was recently found within the estate (Ziegeler 1994). It has also recently been found in two secure reserves elsewhere in the State. Its status is now considered to be rare, rather than endangered.
Other State-listed rare vascular plant species (Threatened Species Act 1997) found within the estate are Caladenia alata, which was also unreserved, ]uncus amabilis and Restio monocephalus. The latter species is very common in the estate in heath and on the margins of buttongrass moorland.
A moss, Archidium stellatum, has been only recorded from the estate within Tasmania. However, this identification needs to be verified. Another moss found in the estate, Breutelia affinis, is poorly reserved within Tasmania (Moscal & Kirkpatrick 1997) .
MANAGEMENT PROBLEMS
Small-scale open spaces are an important component of the local environment, especially in the vicinity of otherwise dense gound vegetation. The open spaces are important in maintaining the rich orchid flora ofthe estate. Consequently, some thought needs to be given to the processes which generate and maintain the multi-scale mosaic ofthese spaces.
In other parts ofTasmania, burrowing mammals, ant nests, fluctuating water tables, small-scale fires and local disease outbreaks variously contribute to this dynamic. In Huntingfield, periodically slashed fire breaks appear to have promoted the abundance of native orchids, including
Prasophyllum concinnum.
Most of the 64 exotic plants found in the estate are confined to places that have been subject to nutrient addition and substantial ground disturbance or are naturally more fertile than the leached sands that cover most of the study area. The exotic species have the greatest cover in the Coffee Creek valley and where shellfish have been cleaned, leaving large European middens (fig. 3) .
The exotic plant species that most threaten the integrity of the natural vegetation are a group offire-adapted shrubs. These include two Australian native shrubs that do not occur naturally in southern Tasmania, Acacia longifolia and A. retinodes. Both produce hard-coated seeds in profusion.
These seeds have their germination stimulated by fire. A group of introduced pea shrubs, Chamaecytisus proliferus, Cytisus scoparius, Psoralea pinnata and Genista monspessulana, are also adapted to store seeds in the soil and germinate prolifically after fire. Gorse (Ulex europaeus) not only does the same but also makes outstanding vegetative recovery.
South African boneseed (Chrysanthemoides monilifera) is easily killed by fire but germinates profusely after it, and, unlike the previous species, is widely dispersed by birds who value the fleshy coating of its hard seed. Spanish heath (Erica lusitanica) while not having a wide dispersal range, spreads vegetatively, resprouts vigorously and germinates prolifically after fire. Pampas grass (Cortaderia selloana) resprouts after fire and has seed that is spread widely by wind. It is the most threatening of the herbaceous plants.
With the exception of Spanish heath and isolated individuals of pampas grass, the above species are confined to the open forest along Coffee Creek or to the disturbed areas behind houses on the eastern boundary. Spanish heath has established in relatively small numbers within the largest area of heath, where there are also small infestations of the bird-dispersed and fire-resistant blackberry
(Rubus ftuticosus).
Although most ofthe threatening exotic species are found in low numbers within the interior of the surviving bush, all, with the possible exception of blackberry, have the potential for exponential growth in numbers in the well drained part of the area. Pampas grass may be able to invade the poorly drained parts.
Many of these species, and some that are yet to invade the area, grow in the domestic gardens that partially abut the bush now and are likely to surround the bush in the future. It is important that invasive species are excluded from domestic horticulture within dispersal range, which is up to 400 m in the case of bird-dispersed species (Zacharek 1990) .
Phytophthora cinnamomi, the cinnamon fungus, is a rootrotting exotic widespread in heaths and heathy woodland in lowland Tasmania (Podger et aL 1990 reduce or eliminate many of the smaller species, such as orchids, as the dominant shrubs form a closed canopy. Secondly, fire is a management problem, in that fires lit within bush on blowup days can threaten adjacent property. This creates a management imperative to minimise the chances of that spread. This means reducing fuel, at least on the boundaries, using fire or mechanical means. While the ecological impacts of varying fire frequencies on heathy vegetation are not fully understood, recommended burning intervals tend to be between ten and 30 years. The rarity of L. glaucescens in Huntingfield tends to suggest that fires have been much more frequent than once every ten years over most of the estate.
It is considered to be important for biodiversity conservation in bush islands, the likely future of Huntingfield, that fires do not burn the whole area at once. This implies a patch burning strategy.
The fuel accumulation characteristics ofheathy vegetation are such that fuel levels that could be dangerous to adjacent properties will accumulate if the ecologically acceptable frequencies are adopted. However, the major danger to property is high fuel levels close to houses. Thus, fuel reduction is largely a matter pertaining to the margins of the area.
Accessions of water and nutrients in heathy ecosystems have been shown to lead to deterioration in the native vegetation and invasion of exotic plants. Such accessions already occur where houses are in the upper parts of catchments, although their magnitude appears to be relatively small. Capture of drainage in sewerage systems or on domestic blocks will be necessary if there is not to be further down-catchment damage.
The dumping of rubbish is another major source of nutrients. The dumping of garden waste is particularly dangerous as it combines nutrition with dispersal of potentially invasiv~~species.
The area is used f~.rthe extraction of firewood, sand and native plants, all informally and illegally. The extraction of firewood is associated with the movement of vehicles off tracks, causing damage to soils and understorey vegetation.
As the only large area of accessible and effectively uncontrolled bush near the suburbs of Kingston and Blackmans Bay, Huntingfield is a playground for horseriders, off-road vehicle enthusiasts, mountain bikers, dog walkers, walkers, runners and shooters. Juvenile trail-bikers are particularly numerous. The map of tracks in the area (fig. 4) may not include all of the large number of narrow bike trails that link the bulldozed lines, as these are not always perceptible on the aerial photographs. Mechanised recreationalists have caused a large amount of damage to the natural ecosystems of the area, particularly where they cross drainage lines.
G~NERAL DISCUSSION
The Huntingfield area has a flora and vegetation with a high degree of similarity to other areas with infertile, sandy soils and similar rainfall elsewhere in the State, such as Lime Bay on the Tasman Peninsula (Kirkpatrick 1975 ) and the granitic country of the northeast of the State (Duncan & Brown 1995) . However, its suburban situation presents a degree of difficulty in management well above that in similar areas, such as the Lime Bay Nature Reserve and the Mount William National Park. Nevertheless, this situation is an advantage in the process of educating the public on the values of the heathy ecosystems of Tasmania, as this is the closest area ofsuch vegetation to a major population centre.
The native vegetation ofthe area should be able to persist in at least its present state of health in the long term, if substantial additions of nutrients to the soils can be avoided and control of potentially transforming weeds can be achieved. Neither ofthese requirements should be daunting tasks, especially if the present level of community involvement in management can be maintained. Mimosaceae (cont.) 
